New techniques for modifying genes have raised ethical concerns and stimulated multiple calls for public engagement and bioethical scrutiny. While some leaders (including those in science 1 ) are calling for consensus guidelines regarding use of the techniques, especially human germline applications, most of the public will form opinions about these new technologies from mass media sources such as Web and print versions of newspapers and popular magazines. Metaphors used by scientists to describe the new technologies are quickly migrating to these popular media, thus influencing public opinion.
Metaphors operate both consciously and unconsciously, influencing how people understand and respond to discourse. Metaphors in science, such as electrical "current," not only shape public conversations but also frame and guide how researchers pose questions and conduct research. Since metaphors condense and represent formative information in complex linguistic, rhetorical, and psychological ways, a multidisciplinary approach is critically needed to understand the impact that metaphors can have for bioethics. CRISPRcas9 (hereafter CRISPR) is an excellent case for examining metaphor's role in bioethics and public discussion because the technology and the metaphors used to describe it are still emerging. Journalists relay and introduce a wide variety of metaphors to explain the CRISPR technology. For example, when Jennifer Doudna, whose team helped develop CRISPR, likened it to microsurgery and emphasized its precision, that metaphor proliferated across media platforms such as the Washington Post, Discover, and CNN, to name just a few. Because the metaphors around CRISPR are still in the formation stage, we advocate for a multidisciplinary conversation among scientists, bioethicists, and academics studying cognition, linguistics, and rhetoric to begin exploring possibilities for metaphors that accurately capture the complexity of the ethical issues involved in CRISPR. In this article, we examine the current public discourse on CRISPR in order to establish what our starting point should be.
Such an exploration is critical for bioethics, public engagement, and policymaking. Informed public debate, as well as sound policymaking, requires words and phrases that convey at least three aspects of the technology and how it is used: (1) the ethical complexity of the technology; (2) an accurate description of the technology, how it works, and how it can be used; and (3) what is known and unknown about its potential consequences. As we show below, current predominant metaphors miss all of these important marks. They do not convey potential longterm consequences in humans, other organisms, and ecosystems. If left unchecked, the limitations of these metaphors will have a ripple effect across the public, political, and scientific commons and the decisions made within them.
As a first step in such work, we tracked the use of metaphors associated with CRISPR in key American newspapers and popular science publications from the first mention of CRISPR in January 2013 until July 11, 2015. Working as a multidisciplinary team, we explored how these metaphors work linguistically, rhetorically, and psychologically and how this affects bioethical considerations. Based on our analysis, we have begun what will be a series of conversations with researchers using the CRISPR technology about how to communicate with the public in a way that is both scientifically accurate and ethically responsible. With this article, we seek to open this conversation further, through our exploration of the extent to which the dominant metaphors are problematic and how they thus pose challenges to conversations about CRISPR both within bioethics scholarship and in the public sphere.
BRIEF OVERVIEW OF METAPHOR
The study of metaphor has a long and distinguished history in rhetoric, philosophy, linguistics, and psychology, as well as other disciplines. While there are multiple, rich ongoing disciplinary debates about many facets of metaphor, we do not plan to engage those debates for the purposes of this essay. Rather, we want to talk about why bioethics scholarship should include attention to metaphor in public understanding/assessment of new biotechnologies like CRISPR. In doing so, we use Lakoff and Johnson's (2003) definition of metaphor as "understanding and experiencing one kind of thing in terms of the other" (5).
2 Thus, we review in general terms what metaphors are, what they do, and how critical features of them shape both the development and uptake of new technologies.
While we turn a critical gaze on metaphors that have clustered around CRISPR, we are not advocating a metaphor-free zone. Metaphors, in addition to being unavoidable, do essential work. They allow people to acquire new knowledge by linking new terms and concepts to the familiar. For example, elementary school students learn that wetlands act as a sponge and a filter so that they can understand the role wetlands play in controlling flooding and improving water quality (Davenport et al. 2003) . Metaphors, particularly vivid metaphors, improve retention (Petrie and Oshlag 1993, 581) . Augustine of Hippo's (1958) famous imagery of saints as the "teeth of the church" (37) tearing off and chewing up sinners, is difficult to forget. While these metaphors are fairly straightforward, metaphors can also function as part of complex modeling systems. To illustrate, Niels Bohr's pioneering model of the atom as a solar system allowed early 20th-century physicists to theorize subatomic interactions (Dancygier and Sweetser 2014, 204) .
Metaphors are able to do this work because, like other aspects of cognition, they operate on many levels. Cognitively, abstract thinking includes processing things at a concrete, associative level. Recent work in cognitive science has shown that metaphors, such as "spilling the beans," activate both associations with actual items (here, beans) as well as the metaphorical sense (here, of revealing secrets) (Gibbs 2005, 182) . Metaphors thus represent "inferential shortcuts" and help to form and sustain basic "reasoning patterns," (Dancygier and Sweetser 2014, 41, 203-4 (Dancygier and Sweetser 2014, 74) . For instance, "we are at a crossroads" expresses immediacy and situates the speaker and audience on a road that forks (Lakoff 1993) , and "computer virus" indicates outside infection as the cause of software malfunction (Fauconnier and Turner 2008, 274) . Similarly, comparing the development of CRISPR-based technologies to the development of HTML (the standard markup language for creating webpages) conveys the sense that a seemingly small technological advance might completely change the world, as HTML did by making it possible for large numbers of people to build their own websites using HTML.
On the affective level, metaphorical phrases seem to "more acutely engage motivation, emotion, and memory systems of the brain" (Sidtis 2014, 584) . Further, when metaphor engages emotion, it can influence cognitive uptake of information and distort that information in the process (Covello 2001) . For example, during the SARS (severe acute respiratory syndrome) outbreak of the early 2000s, initial media coverage in the United Kingdom centered on the disease as a "killer" that needed to be "hunted down" (Wallis and Nerlich 2005) . This set of metaphors suggested a greater level of risk than the disease's actual morbidity (Nerlich and Halliday 2007) . Similarly, metaphors can downplay risk or invoke a domain that implies benefits that are not relevant. For example, comparing biobanking to organ donation can create "a down-scaling of the risk to donors as well as emphasis on product safety issues" (Hofmann, Solbakk, and Holm 2006, 51) .
2. We are not here concerned about distinctions between metaphor and analogy, or between those and simile; each is, as L opez notes in this journal, a form of "semantic exchange between a source and target domain" (L opez 2006, 61 This combination of cognitive and affective influence means that while metaphors function as a "fundamental . . . cognitive process" (Bono 2001, 219 ) that can foster understanding by making the new familiar in terms of the old; they can also confuse, confound, oversimplify, and hinder good ethical deliberation and policymaking. This is true of scientific research as well as public debate. As Baake (2003) points out, metaphor in science is "theory constitutive" (72), serving epistemological as well as interpretive and explanatory functions; Dancygier and Sweetser (2014, 203) agree that metaphor shapes how problems are viewed, inferences are drawn, and implications are conjectured.
Metaphors are particularly important as new technologies are introduced to the public because they not only represent scientific concepts and techniques, they also shape regulatory and ethical frames used to assess appropriate use. For example, in the context of biobanking, analogy with commercial banking steers debate toward transactional issues such as international exchange and assigning trade value at the expense of privacy concerns (Hofmann, Solbakk, and Holm 2006) . Along similar lines, in public discussion of the CRISPR technology, we worry that the dominant metaphors-"editing" and "targeting"-currently in circulation (see below) are misleading. Overall, we see a pattern of reduced complexity and exaggerated control of outcomes that has troubling implications that we explore below.
APPROACH
The sources for this project are large-circulation newspapers and popular science publications from January 2013 through July 11, 2015. We chose to examine mass media texts because "mass media constitute the most important forum for the public sphere in modern societies, providing an organising framework for societal self-observation" (Sch€ afer 2012, 650) .
Following approaches developed in communication scholarship (Lively and Conroy 2013; Weaver and Bimber 2008) , we selected newspapers based on circulation and regional representation. Our selection comprised USA Today, the Wall Street Journal, the New York Times, the Los Angeles Times, the Washington Post, the Houston Chronicle, and the Denver Post. Searches were conducted through LexisNexis and ProQuest. Not only does this selection include newspapers of record, these sources are also part of "common distribution networks" (Lively and Conroy 2013, 230) , such as Tribune Publishing (2015) and Gannett (2015) , that control nearly 200 print and digital news sources, including local newspapers in nearly every state. These sources provide a preliminary representation of the emergent metaphors associated with CRISPR in popular media. As news coverage increases, more quantitative assessment will be possible, but given the number of available sources at this point in time as well as the variation inherent in coverage of new topics (Weaver and Bimber 2008) , a quantitative study would be precipitous.
Popular science texts were drawn from print and online versions of the top-circulation science publications aimed at nonspecialist audiences (National Geographic, Smithsonian, and Popular Science), as well as two smaller circulation but still well-regarded publications (Scientific American and Discover). Such high-profile media provide models for other writers, an especially powerful influence in science writing where there is "more of a common interest [in each others' work] than those in many other genres" (Turney 87), so much so that writers in this area draw on one another's work for ideas, analogies, and "even turns of phrase from one another" (Turney 2007, 87) .
The search criterion used for selection was any appearance of the term CRISPR. The search yielded 45 articles, 22 from newspapers and 24 from popular science publications. As a qualitative methodology, we adopted Schmitt's (2005) and Andriessen and Gubbins's (2009) approaches to identifying metaphor. We chose in advance the topic of CRISPR technologies (Andriessen and Gubbins 2009, 5) . We then marked each reference to CRISPR technology. Once phrases that described, referred to, or identified aspects of CRISPR technologies were highlighted, we then assessed whether the passage or phrase under examination was metaphorical using Schmitt's (2005) three-part identification formula: (1) The word or phrase has meaning that is not strictly literal; (2) "the literal meaning stems from an area of physical or cultural experience"; and (3) this literal meaning is being used in a different context than its literal source (Schmidt 2005, 383) . These metaphors were then grouped according to the "underlying metaphorical concept" (Andriessen and Gubbins 2009, 5) . Those metaphors that were used by more than one author and appeared most frequently across texts were categorized as the dominant metaphors and therefore the subject of more extensive analysis.
ANALYSIS
Articulations of how CRISPR works rely on metaphors for CRISPR itself, but also for genetics, since any explanation of what CRISPR does is affected by what larger metaphorical frame is used to describe genomes and genes. Historically, genomes have been described as code to be deciphered, territory to be mapped, blueprints for creating organisms, and many other metaphors (Condit 1999) . Newspaper and popular science articles about CRISPR use these metaphors and deploy new ones. While this article focuses on dominant metaphors used for CRISPR, the full range of metaphors used for CRISPR technologies and for the genomes being modified shows that the metaphorical profile of this technology is far from settled (see Table 1 ).
Within the broad range of metaphors found in Table 1 , a few appear with greater frequency; those that configure The American Journal of Bioethics the genome as texts to be edited and as targets to be aimed at predominate.
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The most common metaphor is of the genome as text. The idea of "editing" appears in nearly every article: 21 of 22 in the newspapers and 20 of 24 in popular science texts. "Edit" appears 168 times in the corpus in various functions: as predicate, subject, object, and modifier. Other metaphors that suggest editing are common: We see references to "cutting and pasting" and "copy and paste" (e.g., Fecht 2015; Fessenden 2015; Holt 2014; Miller 2014) , as well as genomes as something to "read" and "write " (e.g., Miller 2014), a form of "shorthand" (Interlandi 2015) , and a reference to "the first draft" of the Neanderthal genome (Hughes 2013) , to name a few.
In general, editing metaphors used in regard to CRISPR emphasize what is being done to genes, presenting genomes as texts to be edited or genes as targets to be struck, and downplay any ethically troubling implications. "Editing" does not convey a sense of risk or a need for caution. It implies a "mere text" that has an overall vision and a purpose within a bounded set of rules. Editors refine, correct, suggest, but they do so to improve. A text can be seen clearly; when a semicolon is changed to a colon, the grammatical function and the effect on meaning are known. But none of this is true of "editing" a genome. It is difficult to determine the effects "cutting and pasting" part of a genome will have. Researchers rely on algorithms to predict specific locations of possible "off-target" results and confine searches for off-target results to those predicted locations. These predictions are not always accurate and "cuts" can unintentionally occur anywhere in the genome.
Writers often downplay the imprecision and the danger of unintentional cuts intrinsic to CRISPR, while expressing enthusiasm for the possibilities allowed by CRISPR. For example, writers in both popular science and newspapers discuss the role CRISPR might play in eradicating disease, such as using "gene editing" to "snip out" the HIV virus from human cells (Griffin 2015; Brown 2015) , or they talk about using CRISPR to recreate the passenger pigeon by introducing cells that have been "edited to be as passenger pigeon-like as possible" (Detwiler 2015) . "Editing," in these contexts, has only positive connotations.
The positive use of "editing" in general stands in contrast to the way "editing" tends to take on a negative association in conjunction with human embryos. When a human embryo appears with "edit*" the technology is seen as risky or troubling, with potential for damage. As mentioned above, "editing" implies a vision, a set of changes designed to improve the text. However, the idea of "improving" or "editing" embryos seems to be associated with eugenics. Phrases like "genetically enhance" (Brown 2015) , "a new kind of eugenics" (Griffin 2015) , and "designer babies" (Pollack 2014 ) appear in close proximity (either in the same sentence or the sentences preceding and following). While "editing" passes unnoticed when discussed in the context of the disembodied genome, once the implication is that human embryos are texts to be changed, cut, or rewritten, writers seem aware of the metaphor in a way that does not occur in other contexts. In these cases, the idea of eugenics can stimulate affective reactions like outrage and fear. These reactions, in turn, undermine informed public discussion 4 by pushing public concern toward the potential for misuse, a potential that needs to be addressed but not at the expense of problems that demand attention now.
Hence, "editing" applied in the context of "human embryos" inflates concerns about potential misapplications while still downplaying complexity and uncertainty and obscuring its envisioned beneficial applications. In these cases, popular media situate problematic metaphors alongside stories about CRISPR that can stimulate unconscious affective reactions. These reactions, in turn, can undermine informed public discussion if metaphors inflate worries about potential misapplications of CRISPR at the expense of its potential for therapeutic significance. Thus, this particular metaphor is misleading in multiple ways; what is especially striking from a bioethics standpoint is that the same metaphor glosses over risk in some cases, emphasizes them in others, and in neither case attends to the actual uses or potentials of the technology.
In contrast with "editing," "targeting" is, perhaps, the commonly used metaphor that least obscures the unknowns and uncertainty involved in using CRISPR to modify genes. A common term in scientific research circles, "targeting" has migrated into the popular press and appears with fairly high frequency in discussions of CRISPR (27 instances in 12 of 22 articles in newspapers and 29 instances in 12 of 24 articles in popular science). While scientists have long used "target" to describe older techniques, current uses of "target" describe the active 3. These particular metaphors are also used in scientific research discourse, an aspect we do not address here. Interpretation of metaphor is always constrained by context and prior understanding of its constituents-that is, people understand metaphors based on prior associations with the words and phrases-so as the "editing" metaphor moves from context to context, writers and readers will have different sets of ideas around what it means. Because our concern is about public engagement with ethical issues around CRISPR, we focus on associations that these metaphors evoke in a popular context while recognizing that they matter in scientific contexts as well.
4. On a related note, an emerging competition narrative surrounding CRISPR illustrates the significance that affective reactions can have. U.S. researchers are calling for a moratorium on CRISPR while ethical inquiry occurs but Chinese researchers are going full speed ahead. This story casts Chinese researchers in a negative light and suggests that CRISPR is dangerous. Negative feeling about Chinese researchers is likely to increase the perception that the products of this work will be dangerous. This example illustrates how affective factors strongly influence risk perception. When the public mistrusts or feels wronged by an entity related to a risk, the public overpredicts the prevalence and severity of the risk. The affective reaction is similar to the public's reaction to use of hunting metaphors in media reports of the SARS outbreak.
December, Volume 15, Number 12, 2015 ajob 7 "Editing" Genes: A Case Study process of guide RNA and the Cas9 enzyme to cut DNA; where older techniques essentially flooded the target with the hope that some of the new DNA would be taken up, the Cas9 enzyme's sole function is to chop up DNA, making the likelihood of unintentional cuts higher in CRISPR than in other technologies. In popular sources, "target" is used both to emphasize precision and to warn of the dangers of unintended cuts. In some cases, the use of "target" assumes successful aim: "If there was a specific spot in the genome they wanted to target, all they'd have to do is design the right CRISPR machinery to get to that location" (Brown 2015) . Some uses, however, address the problems that can arise when targeting fails: "The system doesn't have the same safeguards that prevent against off-target effects, like if the protein goes rogue and potentially cuts at an unintended site" (Holt 2014) .
The dual use of the "targeting" metaphor has two strengths. First, it allows for discussions of actual and potential problems. Second, the metaphor suggests the risk of missing targets, even when writers fail to specifically mention the possibility. Targeting automatically implies the potential of unintended harm in a way that editing a text does not. In addition, targeting implies the presence of a dangerous projectile-an arrow, a stone, a missile, a bullet, and so on-and so conveys not only the possibility of a missed mark but a damaged unintended mark as well. Given the Cas9 enzyme's ability to cut DNA at multiple, unintended sites, the idea of collateral damage is appropriate: Cas9 can potentially cause genomic instability on a greater scale than prior, more passive technologies. However, 21st-century high-tech weapons of war are presented as usually hitting their mark, so the reference may suggest that precision is more likely than missing the target, making even targeting a far from perfect metaphor.
Overall, although CRISPR metaphors are not settled, the metaphors that are gaining traction obscure and mislead in important ways. They do not accurately describe what CRISPR does: CRISPR alters cells and Cas9 can chop up the wrong DNA. Questions about the prevalence of "off-target" effects and whether they will extend to germ cells can fail to gain adequate traction in public debates. This is compounded by editing metaphors that inaccurately convey precision on the one hand and obscure what is not currently known about CRISPR on the other. The end result is that central tasks so critical to bioethics, such as risk/benefit analyses, get truncated. The fact that relatively neutral concepts are available casts the use of valueladen terms into further relief by showing that alternatives exist; for example, "alter," "change," and "modify" are alternatives to "editing" or "repairing," ones that do not automatically imply improvement.
CONCLUSION
There is broad consensus that some form of policy action is needed to guide the introduction and use of a range of CRISPR applications. Policy issues include whether or not to impose a moratorium on using CRISPR to alter germlines, and ongoing review and oversight of many other CRISPR applications. The social force of language will drive and shape issue framing and policy content.
We need metaphors for CRISPR that indicate the technology's uncertainties and unknowns, and that convey its current value to basic research and potential clinical and public health benefits. The more the language used to discuss CRISPR meets the three criteria we set forth, the better our policies will be. Metaphors should accurately represent how the technology actually works and can be used, should avoid reductionist effects, and should allow for understanding of bioethical implications.
Finding metaphors that can do this work will be challenging, as the future of CRISPR is an unfamiliar imaginary. Appropriate possibilities do exist. For example, in terms of ethical complexity, ecological metaphors could reflect the broad-ranging effects of modifying genomes and the fact that CRISPR is being used in ways that affect not only organisms but ecosystems themselves. Ecology can also represent technical complexity. Mauricio's (2005) writing illustrates this point: "Genomicists seek to understand how each gene in the genome interacts with every other gene and how each gene interacts with multiple, environmental factors" and how "gene networks connect genes as complex as the 'webs' that connect the species in an ecosystem" (205). Finally, ecological metaphors could capture the fact that "the role played by environmental factors in development, and in gene expression in the grown organism," is complicated and is "an important part of any realistic understanding of genetics" (Turney 1995, 6) , thus meeting the need to convey what is known and unknown about CRISPR's potential consequences.
In general, the question of how we talk about CRISPR reflects on the larger issue: how we talk about promissory technologies that involve uncertainty. For science, bioethics, and the public, a key question is, how can our language be honest about the uncertainties in how we will use and develop the technology, and what promise and risk its use holds, without employing terms that trigger gut reaction rather than thoughtful deliberation? How can we avoid the hype so prevalent in science communication (Caulfield 2004 ) so that we do not appear to be more certain than we are that it will be beneficial? Multidisciplinary bioethics research is one possible path forward in the effort to find a vocabulary and tone that will facilitate engagements that are both scientifically sound and ethically productive.
Limitations and Directions for Further Research
We acknowledge that this study has limitations, and see lines for future research.
Due to time and space constraints we were not able to examine how these metaphors are understood, adopted, adapted, rejected, or otherwise received in specific instance of use. Given that "the interaction of metaphors cannot be predicted solely from a theory about their 8 ajob December, Volume 15, Number 12, 2015
The American Journal of Bioethics complementarity or their reducibility, nor by a contextindependent reflection on the associated commonplaces that potentially accompany them before and after their interaction with each other" (Ceccarellli 2004, 96) , such reception studies are needed for a fuller understanding of how the language uses we have identified here play out in actual use. Our analysis was also necessarily qualitative as there are not yet sufficient discussions of CRISPR in high-circulation media for us to report valid quantitative findings. As the number of CRISPR references grows, a corpusbased approach would be useful for generating quantitative analyses of metaphors and other linguistically and rhetorically interesting aspects of CRISPR-related public discourses.
